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ABSTRACT

TEACHING FOR UNDERSTANDING SCIENTIFIC CONCEPTS AND
PRINCIPLES USING METAPROCEDURAL REORGANIZATION:
A STUDY OF STUDENTS' UNDERSTANDINGS ABOUT
THE BIOCHEMICAL ACTIVITY OF THE CELL

By
SAFA Amin Zald

Inhedler (1974) defined metaprocedural reorganization as the
process learners use to reach a theory that allows specific explanation
of phenomena and generalization to other situations. For learners to
reach this level of understanding, Inhedler proposed that learners must
become awvare of how their own personal theories developed, which
frequently parallels the historical evolution of scientific ideas. The
problem which this thesis addresses is: What effects will science
teaching based on metaprocedural reorganization have on high school
students' understandings of contemporary theories of biochemical
activity of the cell?

Twenty eleventh gride females in a Jordanian high school were
randomly assigned to treatment and control groups. Students in both
groups were pretested and posttested with an open-ended, essay test
designed by the author. The treatment group was given seven enriched
lessons stressing the logical, historical development of the
contemporary theories about the topic. The control group continued to
work in regular classes.

Test data and audiotapes of lessons were analyzed to determine

students' reasoning on entry and throughout instruction. Textbook



content was also analyzed for historical development of pertinent
concepts.

Significant differences were found between experimental and control
groups in the posttest, using an ANCOVA design analysis. However, in
spite of the pretest-posttest gains by the experimental group in
functional knowledge, it was apparent that some students had not
acquired correct propositional knowledge of the concepts studied. These
students demonstrated coherent, integrated misconceptions of various
concepts that underlie understanding of the topic. For example, students
whose entry level knowledge included plant mass deriving from organic
compounds formed "originally by plants from nothing but water," were fhe
same who stated that "water is used to produce energy." Also they were
the same who stated in the posttest that organic compounds formed Jjust
from energy.

The author suggests that students' misunderstanding for
propositional knowledge 1is a consequence of a curriculum which,
throughout their school experience, has not required students to
integrate their understanding in biology with fundamental principles of
physics and chemistry. Also, theories are confounded by textbooks which

mix today's paradigms with prior ones without showing the reasoning
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CHAPTER I

The scholar is still scholar as long as he asks for knowledge. If he
thinks he knows enough then he becomes ignorant (the Prophet Mohammed).

INTRODUCTION

Complex, conceptual structures, such as those used to explain the
biochemical activity of the cell, often are poorly understood by many
students in high school and college science courses. As a technique to
help students improve their comprehension of such complex subject
matter, and to expand our understanding of why students have
difficulties in 1learning specific concepts, a metaprocedural
intervention (Inhedler, 1974) was tested. This method ilplies' that
students will try to unify their partial theories as they learn science
in the same way scientists unified their partial theories in developing
present day scientific knowledge. The strategy 1is to guide students
through the questioning and logical reasoning similar to that scientists

went through as they worked to understand natural phenomena.

Background

Student parspective
As a8 youth, I liked to read about science. The science that I read

was different from what we studied in school. School science was
something to memorize for a test. But I would then spend hours after
school reading about the universe, about living things, and about other

topics concerning natural phenomena.



There was no enjoyment in school science, because of the burden of
trying to overcome my weak memory as I rehearsed both the laws and the
scientific material for tests. The derivation for the law was presented
in the textbook. However, It did not detail the everyday phenomena that
scientists studied as they developed their explanation. Such information
might evoke similar curiosity in students and encourage them to follow
the logic of the discovery.

I graduated from high school with high grades, in part because of
good scores in algebra and trigonometry. I wanted to study engineering
in Eqypt, since there was no college of engineering at the University of
Jordan. At that age, however, I was naive and believed what some
students who were studying chemistry at the University of Jordan had
told me. One of them told me "You can stay home and study chemistry. It
is so fascinating at the university. You can understand everything
through chemistry." I was encouraged by what she told me, of being able
to understand the components of oil, paper, clothes, soap and other
familiar phenomena. Bven after I told her about the difficulty I had in
studying chemistry in school, she told me that it was different at the
university and that I would not have to memorize, since the teaching was
theory oriented.

On entering the university, I found that the situation was no
better than at school. The theory was there, but there was no way to
knowv where the theory had come from or why we had accepted it in the
first place. In school, students have to memorize the chemical
equations, while at the university students have to memorize the

routine of the application of fundamental principles in solving certain



KA

M
..

Y

ke

Wonses
100}

ol e
ey
Y

Pireay
Pesicl O

0 g

~

hnd
e




3

péobleng. Teaching did not relate, in any way, to everyday life
situations. Chemistry lab was considered a "cooking room" and the 1lab
manual a recipe book. I wanted to quit, but the fear of my family's
reaction obliged me to continue to get a degree.

It was purely by accident that I discovered it was not science that
I had been studying all those years. I once picked up a physics book
from the library at the Unlversity of Jordan for an assignment in an
education course. In this assignment, I was asked to bring material 1
would use to teach. This was the first time I realized that sclentists
were simply trying to discover the laws that govern the universe; and
that they used experiments to verify their hypotheses. All I knew about
science before was that it was formulae brought on by "supermen.” 1
never knew that Newton's principles involved the movement of objects |in
outer space. While I memorized scientific principles, it had not made
sense to me that every object would continue to move if not stopped.
Neither the book nor the teacher ever explained that Newton's law
applied to outer space and that the friction and air resistance on earth
prevented objects here from behaving as explained by Newton's law. As I
looked at the cosmos maps hanging over classroom walls, I was amazed how
scientists could predict the path of the orbit. Although I was studying
calculus, I did not know that Newtons' principles explained this
phenomenon. It was only through studying the history of science, that
science began to make sense to me. Scientists were answering the same
questions I had asked myself in everyday life. I found their logic
comprehensible and shortly learned what had not made sense to me through

years of study.
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Research on Students' Misconceptions: Through my graduate study in
education, I was glad to see that research on science teaching focused
on the same issues that had been so difficult for me to learn.
Researchers in both cognition and science teaching (Wwiser and Carey
1982, re: heat; McClosky 1983, Clement 1982 re: force and motion;
Nussbaum and Novak 1976, re: earth) show that many misconceptions that
students have, are similar to the ones found in the history of sclence.

Researchers in science teaching also show that these misconceptions
tend to be universal. For example, the misconception about force and
motion was shown to be shared by many students world wide including
Lebanese students (Za'rour, 1975) and Italian students (Alello-Nicosia
and Sperando-Mineo, 1980). Gilbert and Watts (1983) reported ‘nany
international studies about misconceptions that seemed to be ldentlgal
to other findings in many parts of the world.

Although there 1is a gqrowing body of research on students'
misconceptions worldwide, I still found 1little data about students'
misconceptions in the country where I had studied and in which I intend
to work (Jordan).

Furthermore, in the U.S., there is still little data about students
misconceptions at hiqher grades. There is some data about force and
motion (Minstrell, 1984), but, there are few data from among high school
students about the biochemical activity of the cell. The data
identified by Wandersee (1983) and Treagust (1986) in photosynthesis
were cross age studies. There were few data on how high school students
process specific scientific information through instruction or how they

receive and interpret information in a specific subject matter. Research



on misconceptions tends to depend on tests or clinical interviews, to
obtain information about students' naive ideas. The research did not
stress specifically how students received given information and
interpreted it according to their entry-level knowledge in the
conventional environment of teaching (classroom).

Teacher perspective

Through my teaching career, I tried to avold erroneous 1linkage
between phenomena and the scientific concepts by attaching the abstract
subject to the familiar phenomena through instruction. However, I found
that many students were finding science a difficult subject, one they
had to swallow 1like an 1{ll-tasting medicine, and in small ready-made
packages. The students preferred small summaries of the important points
in the book, making it still easier to rehearse. They enjoyed the method
of didactic teaching, even in chemistry. Students did not study science
using a scientific reasoning process, they rehearsed it as poetry. They
simply wanted to know which important principle they needed to rehearse,
and how they should apply these principles to exhibit the routine of
solving scientific problems.

I suspect the reason for such behavior, besides being the method
that many teachers had used since elementary school, and the one
students most commonly used when studying, was that science is difficult
to comprehend. Discussing one phenomenon and relating it to a scientific
concept is not enough to make students formalize a scientific theory,
and use it independently in solving problems in the world outside

school. Scientific concepts (especially the revolutionary ones) are



composed of abstract relationships, formulated by integrating the
reasoning about many phenomena.

The historical experiments were evident in the sc;ence textbooks,
but they did not teach students about the process by which the
scientific information was developed. The hypotheses and the premises
were not included, only the conclusions the scientists drew from them.
There was no emphasis on the questions asked or scientists' hypothesis
that derive the experiment. No reason was given why the sclentist did
the experiment or what he was trying to prove.

As a teacher, I kept asking myself if {t was possible to change
students' methods of studying science. This could be achieved only 1if
students understood that scientific information was discovered by human
efforts and was not just facts to be memorized. How could this be done?
My graduate study in education was targeted at discovering if there was
a solution to such a problem.

Teaching the biochemical activity of the cell

There were two primary reasons for choosing this topic for the
study. First, this topic iIs part of the biology curriculum in Jordan as
well as other nations. It is an important topic, including many concepts
useful in understanding and explaining everyday expérlences. Topics such
as photosynthesis, respiration, nutrition, genetics, agriculture, and
ecosystem are related to this comprehensive subject. However, the
traditional textbook presentation is 1limited, since it concentrates on
just photosynthesls; respiration, and the structure of DNA.

Secondly, teaching this topic is difficult. It is difficult for

students to restructure their explanations of famillar phenomena
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according to these sclentific concepts. For example, students have
trouble linking photosynthesis to agricultural problems, respiration to
the mechanisms of life, and DNA to specles adaptations and feeding
habits.

Initially this feeling of the difficulty that students face, was
driven from research on teaching this issue, (Roth, Smith & Anderson),
my personal experience, and people I know exemplified the same
difficulty in learning this toplic. In studying this issue, it took much
time and many efforts to move from the most naive stage to the stage of
scientific understanding. During my elementary school days, I used to
look from our balcony to the trees stretched in the valley underneath. I
wondered how our mouths, at the upper end of our bodies took in food,
while the trees' mouths (roots) took nourishment from the ground. While
I had some idea about photosynthesis, I still never attached that
knowledge with my image of how a plant takes its nutrition. For me,
photosynthesis meant the ability of plants to absorb carbon dioxide and
produce oxygen during the day time; and that plants will produce Jjust
carbon dioxide at the night. This was all I understood about
photosynthesis.

There were school experiments such as planting seeds in cotton,
pouring water over them, observing how seeds grew, and returning the
plant to the teacher to get graded. At that time, I never related the
experiment to photosynthesis. I learned the importance of water in plant
nutrition and nothing more.

one of the earliest sciences we studied our freshman year was

biochemistry. All I knew from my early school years was that plants give



off oxygen and animals take it. I was so surprised to learn how, In
respiration, our bodies act on organic compounds formed through
photosynthesis, to produce the energy necessary for life; how
carbohydrates in plants, and glycogen in animals, are a connection of
glucose molecules, and how chlorophyl 1in plants resembles vitamin D in
animals.

Those freshman year studies did not mean I had a complete
scientific 1dea about the topic. It took longér for me to understand
that all animal tissues are composed of organic compounds, in which the
primary carbon bonds are formed through photosynthesis. I might have
been confused by the emphasis the textbook placed on glucose burning in
the body, so that I did not perceive the other function of
photosynthesis, which is to construct the interchangeable parts (amino
acids) that are used in building body tissues.

It was an experiment in a science textbook for art students that
helped me understand. This experiment showed how plants can grow only
from minerals and water. I already knew, from my undergraduate study,
how organic material 1is formed through photosynthesis. From this
experiment, I realized that if plants only absorbed slight quantities of
minerals from the soll, then the only other possibility for bullding
body tissues would be what the plant synthesizes through photosynthesis.
Also knowing that organic compounds, such as protein, nucleotides, etc.
contain a series of carbon bonds in addition to a small percentage of
other elements, such as nitrogen, phosphate and sulfur, strengthened my

conclusion.



Through my graduate study in education, I discovered that teaching
this topic was a problematic issue. A growing number of studies showed
that students had a serious misunderstanding in comprehending many
issues that underlie this topic (Roth, 1985; Treagust amd Haslam, 1986;
Wandersee, 1983; sSmith et al., 1986; Bishop et al., 1985; and Smith and
Anderson, 1986.

However, when studying the way Roth (1985) handled it, I came to a
point that 1if students, at best, understand the meaning of "plant makes
its food by itself" as "food is a source for energy" then they would
come to a conceptual structure similar to the one I had utilized in
college. This is due to the fact that Roth did not include the function
of soil 1in her treatment. Roth's emphasis on the way students use
technical terms, explained her design for the treatment. This design
depended on making students' understanding the scientific definition of
food, and using this understanding to develop explanations of everyday
life phenomena (induction). Once the stipulated definition of food was
developed, reasoning about evidences and alternatve ideas was used. Her
treatment did not depend on students' own inferences in building this
scientific definition.

Textbooks often try to make scientific definitions understandable,
using metaphoric language for abstract concepts such as energy heat,
etc. students are then asked to generalize these understandings to
explain everyday biological phenomena. Acoording to Ausubel, there are
organized bodies of knowledge that are worth teaching and learning.
Although the specifics of science change rapidly, basic principles tend

to manifest impressive longevity. The basic objective of a high-school
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biology course should be teaching of those broad biological ideas which
constitute part of general education. As cited also in Shulman and Tamir
(p. 1104, 1973), Schwab did not agree with Ausubel that basic principles
tend to manifest impressive longevity. Schwab stated that "the learner
should become cognizant of science as a product of fluid enquiry, and
understand that it is a mode of investigation which rests on conceptual
innovation. Development of understanding proceeds through uncertainty
and failure, and eventuates in knowledge which is contingent, dubitable,
and hard to come by." Schwab did not consider that students would be
able to discover these ideas of fluid inquiry by themselves, saying,
"it is virtually impossible to provide a step-by step description of the
method of fluid enquiry, for, while stable enquirers permit themselves
some flexibility in the interpretation of data, there is practically no
limit to the flexibility with which the fluid enquirer may work. The
detection of inadequacies in current structures is an act of creative
"insight"which has no known method. The revision of a structure or the
invention of a new one 1is an act of creative imagination for which,
again, there are no known methods. Even the timing, the occasion, for
fluid enquizy is indefinitely variable® (Schwab 1964 b, p. 42). Schwab
also took the position of isolated enquiry in each scientific field
saying "if it is difficult tq sketch the course of fluid enquiry, it |is
impossible to describe th substantive structures of the sciences in
general. They are so because of the very character of substantive
structures and the role they play" (p.46).

I did not agree with Ausubel that basic principles in science does

not change, for the history of science showed it really changes.
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Considering it otherwise would make students learn just the earlier
theories from the 17th, 18th and 19th centuries.

But still I think that Schwab's proposition for science as enquiry
could not work with his second suggestion of isolated conceptualization
in every field. The biggest discovery in the biological fields in the
twentieth century became possible by integrating many scientific fields.
The question now becomes, how can we ask students to make judgment
between two theories if they lack the essential background in other
sclentific flelds which allow their dlscoveries? Merely presenting
historical experiments could allow students to accept a theory Jjust
because the teacher said it is so, not because they really understand
and judge its strength.

As explained by Shulman and Tamir 1973, Schwab did not consider
students to be able to inquire about revolutionary science by
themselves. The ideas should be presented to them systematically to make
judgment about (science as enquiry). My treatment is derived from my
strong feeling that, even 1f students could not make exact reasoning
about revolutionary scientific concepts by themselves, they should be
given the opportunity to understand why scientists postulated the
scientific definitions. Their guidance for accepting the theory should
come from their restructuring of their own common sense knowledge. The
phenomena of misconceptions show great similarities between the types of
reasoning given by students and the ones observed in the history of
science when explaining the phenomena, suggesting that students should
be quided to internalize the restructuring of revolutionary scientific

explanation.
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This introduction provides the ratlonale for my study, and the
problem for which I felt the need to find a solution which enables
students to comprehend scientific concepts, using their own inference

from the phenomena.

Metaprocedural Reorganization

I chose metaprocedural reorganization as a method of treatment
because of the difficulties I had faced, and the research findings that
showv similar difficulties many students face in learning and
understanding science.

The method I adopted in teaching the biochemical activity of the
cell is i{llustrated in Pigure 1:

student's | | metaprocedural
general knowledge | | reorganization
----------- > | | (===mmmeee
time | | |
| | |
\/ | |

At the bottom of the U shape, students form partial theories that
contradict each other, when trying to explain their general observation.

U Shape
Figure 1
A metaprocedural reorganization is a term stipulated by Inhedler
(1974) to describe the way children form a unified theory to allow
correct predictions and generalizable explanations. For Inhedler, this
stage does not come in one step, instead it follows a systematic path of

reconciliation. The first step in forming the theory (the left top of
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the U shape in Figure 1) 1is covert implied knowledge. People do things
because they know from experience that it works; but as happened in the
history of science, when people tried to understand how and why things
work, a key problem with misconceptions began. After forming many
partial theories, each of which worked well for one event, although
perhaps incompatible with others, the unification process began. In this
process a more powerful theory was formed to explain many events related
to the problem. At the end of this stage, children (as scientists) would
be able to solve many problems they face in everyday 1life, using a
xrather comprehensive theory. To form this comprehensive theory, students
need to become procedurally aware of how their concepts were developed
€t hrough all the stages of forming the theory.

This implied that children had to form a systematic reasoning for
maa ny events, even if this reasoning implied misconceptions at the
P> x imary stages, since it would lead children to further question the
8 Tacompatibility between their primary theory and another incompatible
€ Jcperience. This ultimately would lead children to apply their knowledge
A_xad generalize it to solve any future problems, using one powerful
theory they learned from their primary experiences. As it evident from
tChe nature, extent, and persistence of misconceptions, few students do
Ch is spontaneously. Instead, most students make sense of bits and pleces
O£ scientific knowledge but fail to integrate these components into a
Coherent whole.

Ye taprocedural method and students' learning
The study adopted this method "illustrated by the U-shape" (Brown

®t al., 1983) to understand scientific learning. Students read the
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textbook, know on the surface how to solve problems, and give correct
answers to specific questions which involve descriptions (e.qg.,. what)
of the phenomena (see Fig 1 on the upper left end of the U shape).
However, if we try to modify the problem or to ask them "how and why"
questions, ask them to formulate a theory and rationalize the events
they describe, they give an answer which reflects their non-integration
of their knowledge. These explanations might be similar to those of
scientists at one time in the history of science. However, students'
nalive unintegrated theories would change according to their experience
as they become awvare of the incompatibility of their theory and
e xperiences. Dissonance thus created often leads to restructuring of
€ heir theories. These occurrences which are shown at the bottom of the U
= hape, deviate more and more from acceptable scientific information.

At the primary stage, explanations can still be weaker and more
EFxaajve than the students' initial implied knowledge. As students try
X & rst to stabilize their explanation according to these partial
theorles, they frequently are "blinded™ from new observations that are
C o ntradictory to their thinking. When reaching the stage of being aware
O &£ how different, partial theories contradict each other, they become
Mo ye able to comprehend (or even construct) a powerful coherent theory
T o solve scientific problems in the manner of scientists. Here students
X @ ach the ultimate goal in the upper right corner of the U shape (see

Plg. 1). They make correct predictions and reasoning about the

Phenomena, instead of memorizing scientific information that can result

in misconceptions.
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Instruction and Metaprocedural reorganization

Carey, Gelman and many cognition theorists do not agree with the
Piagetian viewpoint that the complete unification process used to reach
present scientific theory can be achieved solely by students' natural
inference even for those who have reached formal operational stage. 1In
the history of science, the more advanced theories were achieved after
long perliods of time. According to Vygotsky, the social cultural factor
Plays a big role in this process. This highlights the problems students
have in comprehending revolutionary scientific theories.

This method could be of value, however, in understanding the
s equence which should be followed in instruction. For Carey (1982),
= tudents' reasoning about the phenomena reflects their entry-level
conceptions. These can vary from one student to another, even in the
S ame mental developmental stage, depending on whether the students
@ quire the prior information that 1is necessary to restructure their
CEheories. Carey contends that if the necessary information was not
@ wailable in the soclal cultural environment, then the students would
™e wer reach this operational unification stage in learning sclence.
I hypothesized that by incorporating appropriate new information
AM QA observation about specific phenomena, carefully chosen to match the
S < 1entists' observations, students would be able to follow the logical
Path of restructuring scientific theory. This could allow students to
See the incompatibility between the different partial theories formed
£x on different observations. Thus, as students followed the 1logical,

Ristorical development of a sclentific idea, they would be able to unify



16

separate, component theories into a unified scientific theory to explain
all their observations for a given scientific concept.

The teacher can use many observations, asking students to back them
up with explanations. These phenomena would be carefully chosen and
introduced systematically, matching the ones observed by scientists
throughout history. Thus, students would 1learn about some of the
difficult conceptual problems which troubled scientists, because these
arxe often the same conceptual problems that trouble students as they try
to learn science. Carey (1984) said that_Kuhn's paradigm could be used
Lo determine what question would be asked about the phenomena; what
mmmm_mmmmmmn_m_umn as we

watch the process of scientific learning by students. This implies that
wwre could use questions which ask about the phenomena (and which changed
In 1 storical’ scientists explanations) to make students question their own
D<= 1ief about the same phenomena and watch the teatzucturlné of students
T haeory in the same way as sclentists. Through this process, students
e come avare of how new explanations differ from their naive hypotheses.
£ € udents may be helped by following the same path scientists used to
X & structure their theories. This could advance students' understanding
A g give them greater power to explain a given phenomena.

An example of restructuring used in teaching the biochemical
QActivity of the cell is: students know, in general, that soil, 1light,
Wa ter and alr are important for 1life, but they do not understand
Specifically yhy they are important. If they were asked the first
Question which led to the scientific restructuring of the theory, “"where

QAoes the weight of plants come from?" they may say "from soil®. The
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teacher could instruct the student to observe the phenomena that led
scientists to change their theory. If a plant grows 1in a small pot of
soll, the plants gain less than 0.1% of its weight from the soil;
students would then consider water as the source of weight. Priestly's
experiment would then be introduced to allow students to consider that
carbon dioxide also enters into the photosynthesis process.

The students could be directed to relate the work of photosynthesis
to respiration to form a single coherent theory to explain the two
observations. Priestly noticed plants absorbed carbon dioxide, while
animals release it. This is done by giving students an example: Burning
O 11 releases carbon dioxide and water vapour with energy, the reverse
happens in photosynthesis. This could lead students to make analogies
€ L.avoisier's reasoning) between burning and respiration. This in turn

1 «ads them to understand that during this process of respiration (or any
B % nd of burning), carbon dioxide, water and energy are released from the
< ompounds formed from the raw material provided for the plant during
EP>haotosynthesis. This procedure would continue throughout the history of
= jence until students fully comprehended the biochemical activity of
T hae cell in a unified integrated process. A thorough example of the
Aaestions the scientists asked about the phenomena, the observations the

St udents had heeded, and the conclusions are in Appendix C.

Brxoblen

St atement of the problem

Inhedler (1974) called the process the learner uses to reach a

t:l'leOty that allows him to explain the phenomena specifically and to
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generalize this explanation into another situation, a metaprocedural
reorganization. For learners to reach this level of wunderstanding,
Inhedler proposed that they must become procedurally aware of how their
own personal theories had been developed, which frequently parallel the
development of scientific 1ideas in the history of science.The problem
this dissertation addresses: What affects will teaching, based on
metaprocedural reorganization, have on high school students'

understanding of contemporary theories of the blochemical activity of

the cell?

The specific questions are:
A1 ) To what extent do the connections made by students in their partial

theories about scientific concepts which underlie the biochemical
activity of the cell follow the same coherent conceptualization found in
€ ke history of science?
=<2 ) How is students' understanding of the contemporary concepts of the
> 2 ochemical activity of the cell influenced by instructional treatment
>an sed on the logical, historical development of scientific ideas, by

L rx formation presented in the textbook used for instruction, and by

== € udents entry level knowledge?

M pothesis

Based on Inhedler (1974), a student would be able to master his or

hey understanding of the subject matter when they are able to

e taprocedurally reorganize their theories. This would occur when they

becone procedurally aware of how their previous naive theories differ
£x on nev ones in explaining the phenomena. At this stage, students would

be able to bulld a unified theory to explain everyday life phenomena
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using a coherent scientific view. Inhedler claims that this level of
knowledge cannot be reached directly, in one step. Rather, it goes
systematically, making more mistakes in the beginning, in the same way
scientists do, until reaching an expert level of knowledge.

Using the Inhedler theory about the way students reorganize their
concepts, and Vygotsky's theory about the importance of the teacher in
affording the necessary social cultural experience to the learner, I
hypothesize that a) students' construction of their theories of the
issues that underlie the biochemical activity of the cell would be
similar to the coherent constructions used throughout the history of
science; b) reorganization of student concepts would be similar to
sscientists; providing the instructional approach would allow students to
= ystematically examine the questions that enabled the restructuring of
€ he naive theories in the history of science.

S pecific hypotheses are (a) the students' method of connecting
2 mformation about the concepts that underlie the biochemical activity of
€ he cell would follow the same coherent conceptualization previously
O bserved in the history of science; and (b) the types of conceptual
T hanges that characterized scientific revolutions would also be

X mgportant in the students' conceptual development.

Brocedure

Ten Jordanian girls enrolled in an eleventh grade biology class
Were given seven enriched lessons that stressed the logical historical
dAevelopment of the fundamental principles of cellular biochemistry in
addition to their continued readings from the textbook. The girls'
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knowledge was tested both before and after the lessons, using an
open-ended essay test. In addition, tape recordings were made of all
classroom interactions during the seven hours of instruction provided
the experimental group. Students 1in the same group were also given
homework to be answered after each lesson of instruction. A control
group of ten girls were also pretested and posttested, using the same
instrument. The control group had no 1intervention, however, and
continued in their reqular eleventh grade biology class based on the
national curriculum. All twenty girls were volunteers and were randomly
assigned to the experimental and control groups.
Statistical tests of differences between the control and
e xperimental groups were used to examine the effectiveness of the
€ xeatment in reducing misconceptions in the students' explanations for
«=weryday biological phenomena. Students' explanations about the
P> henomena related to the biochemical activity of the cell in pretests,
Prosttests and lessons were used to answer the first question: Each
== T udents' answers to all questions were examined to see if there was a
T e ndency to posses a common, coherent theory about all the concepts that
W araderlie the biochemical activity of the cell in the same way it
Faan ppened in the history of science.

The second question studied the effect of instruction, textbook
1lhfomat:ion, and students' entry level knowledge of their comprehension
O£ the topic. Comparisons were done on the effect of the textbook's
Conceptual organization. This included a) its expression of the
de\mlopnem: of this topic in the history of science; b) how this relates

to the entry level knowledge of students, and c) the effect of the
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logical organization of instruction on students' restructuring of their
theories. This was accomplished by following the students' reasoning in
the seven lessons of instruction, thelir homework and the test data. The
development of the topic in the history of science, and the text
presentation of the historical development of pertinent ideas, were also

compared and contrasted.

Qbjectives

Inhedler proposed a procedure that students use to form their
theory, just as scientists did. Scientists throughout history built
coherent theories regarding all the concepts that underlie the
biochemical activity of the cell; photosynthesis, respiration,
ecosystem, etc. If this also held true for students, it would be a
Positive implication as a guide for designing science curriculum.
Therefore, our objective of the research is to test Inhedler's proposal.

Another objective is to examine the influence of a treatment that
follows the logical historical path of developing scientific theories
(that underlie the biochemical activity of the cell) on students'

thinking, including the effects of instruction and the textbook.

Limitations

One limitation is the small sample used in the study. There were
Only ten students in each of the experimental and control groups. This
Weakened generalization and reliability. From a practical stand point it
Wou1d be too difficult for one researcher to sample a larger group and

®a intain a valid and effective evaluation of each students' reasoning,
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vhile keeping track of students' reasoning through dialogue in all

lessons.

the

Another limit is the allotted time to study the various concepts of

the biochemical activity of the cell. Although this topic contalined

seven lessons in conventional 1instruction, the treatment also depended

on additional concepts and particular types of inference that I

required extra time to teach.

Qverview of the Organization

This dissertation 1is divided 1into six chapters. Chapter

feel

One

1 ncludes background material, a statement of the problem, assumptions

<nd limitations of the study.

Chapter Two includes literature review. The first part discusses

The theoretical basis of the study. The second part discusses research

@ bout students' misconceptions and compares it to the historical

Qevelopment of the subject.

The last section of the literature review is a background for
Study. It discusses the previous research done specifically
Photosynthesis, respiration, and the ecosystem. It also focuses on
Qifferent approaches faken to handle the problem of misconceptions

the specific treatment designed in this study.

the
on
the

and

Chapter Three is about methods. It gives a detailed description of

the sample, the method used in collecting data, and the method followed

In the analysis.

Chapter Four contains presentations and analysis of the students'

res\llt:s, including statistical and qualitative analysis.
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Chapter Five presents several case studies, 1illustrating how
different groups of students restructured their theory of the various
issues that underlie the blochemical activity of the cell.

Chapter §ix contains the summary, conclusions, implications and
autobiography for the study. It discusses the reason that the treatment
was unsuccessful with some students. Implications for instruction,
curriculum, and research on science teaching are also discussed. The
last part is an overview of the different stages, which I encountered in
constructing the theoretical and methodological approaches of the

dissertation.
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CHAPTER II

LITERATURE REVIEW
Part 1. Theoretical Background about Metacognition

Introduction

The term metacognition in general refers to a person's awareness of
his own thinking processes. This awareness was the criterion for
learning maturity in the Plagetian tradition. They also felt the primary
stage of theory formation 138 necessarily accompanied by misconception as
part of the learner's effort to became consclously aware of occurrence
of events, using the history of sclence as a metaphor (Brown et al.,
1983).

However, the meaning of the word metacognition became ambiguous as
theorists working in the Iinformation processing tradition (who
frequently seek their metaphors for understanding theory development
£rom computers), used the word "metacognition" in a different weaning.
In this tradition, meta-cognition means consciously planning strategies
to solve given problems.

Because the term carries two meanings, I will attempt to show how
adherents to the pPlagetian framework and the information processing
£ xamework each would approach specific issues related to students'

1l earning of scientific concepts and principles.

The historical root of metacognition

Metacognition, as a target of study, originated after 1970 when

T esearchers began to give more emphasis to essential knowledge and the
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subject matter, as critical factors in learning. Children, as well as
adults, were examined as they attempted to learn in semantically rich
domains such as science concepts. With these shifts in emphasis
regarding questions about the knowledge base, there was also another
change from considering accumulation of facts and their reinforcement to
considering restructuring of knowledge along with the compatibility of
nev information with prior experience as critical factors in mastering
the subject matter (Brown et al., 1983).

This shift was accompanied by the formation of an uneasy alliance
between developmental psychologists trained in the tradition of
Neo-behaviorist learning theories and their descendants, information
processing theory, and psychologists influenced by the traditional
developmental school, such as Plaget and Werner (Brown et al., 1983).

One reason for the merger was methodological. Training studies were
employed by psychologists from diverse backgrounds to address gquestions
about the nature of developmental conceptual change. These provided a
Prime impetus to the growth of the concept of "metacognition."

The plioneer in this field was Flavell, a Piagetian theorist.
Flavell and his colleagues (1970) became interested in children's
awvareness of thelr own thinking processes, memory, and the subject
matter that influences learning. Following Flavell, Plaget and his
Colleagues (Inhedler 1974, Karmiloff-Smith 1975) became increasingly
concerned with the self-requlation of learning.

Information processing theorists, (Brown, 1977, Simon and Simon,
1980, case, 1974, Larkin, 1980) concentrated on issues of executive

Control. The executive 1is imbued with a wide range of 6vetseelng
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functions, 1including predicting, monitoring, reality testing, and
controlling deliberate strategies for learning. Both of these schools
agree that the fallure to learn and transfer failure 1in children and
naive adults is due to the lack of declarative knowledge concerning the
domain memory (Brown et al., 1983).

Toward the latter part of the 1970s, points of common interest
shared between learning theorists and cognitive development were |in
ansvering the key question of how the children go from strict contextual
binding to more powerful general laws. This section will address how
both schools faced this question by examining the metaphors used by both
schools to understand learning, the criteria they depended on to
understand how the learner 1is able to transfer his knowledge, and the
method used to illustrate the issues that underly "metacognition® as a
£ield of study. This includes the types of knowledge that allow forming
general laws, the process of going from naive learner to expert in

transferring knowledge, and the strateqy used by learners in forming

theory.
The definition of metacognition

Plaget considered that the knowledge of one's own cognition is a
Nnecessary stage that would allow the restructuring of personal concepts
and theories. This stage refers to the relatively stable, statable and
1 ate development information that human thinkers have about their own
Cognitive processes and those of others (Flavell and Wellman, 1977).
This form of knowledge 1is relatively stable. One would expect that
K novledge about a domain of knowledge would be a permanent fact about

One's naive theory on the topic. This form of knowledge 1is often
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statable-- one can reflect on the cognitive processes {involved and
discuss them with others. This type of knowledge is usually assumed to
be late developing; it requires that learners step back and consider
their own cognitive process as objects of thought and reflection (Brown
et al., 1983). _

Plagetians used the metaphor of the history of science to
understand the way sclentific theories were developed and generalized
that to learners (Brown et al., 1983). It is thought that human thinkers
subject their own thought processes to examination and treat their own
thinking as an object of reflection. Similarly, learners regulate and
refine their own actions. However, unlike behaviorists, Plagetians
considered that though the refining of theories often happens in
response to feedback concerning errors, it also happens often in the
absence of such feedback. Indeed, even if the system with which one is
experimenting is inadequate, active learners will improve their original
Production (Karmiloff-Smith, 1979). This means that a computer metaphor
1s not sufficient to explain the progressive way of inventing knowledge
that Piagetians had suggested.

Piagetians considered that the beginning of conscious reflection
Occurs when the learner 1is capable of considering his/her actions and
Qescribes them to others, even though this may be done erroneously.
Mature learners can create imaginary worlds and theories to explain
Qctions and reactions within them. Such theories can be confirmed or
Tefuted by means of further construction of mental tests or thought

©Xperiments that extend the limits of generality of the theory. This |is
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the essence of scientific reasoning and the end state for a Plagetian
developmental progression of child as scientist (Brown et al., 1983).
Information processing theorists, however, used the word
metacognition to mean the cluster of activities used to control the
learning process. These processes include activities that take place
prior to undertaking a problem, such as predicting outcomes, scheduling
strategies, monitoring activities during 1learning, and checking
outcomes. These activities are not necessarily statable and age
independent. The information processing theorists reject the possibility
of obtaining data about one's own thinking (statable knowledge).
Erickson and Ssimon (1980) said "Can people have conscious access to
Ctheir own cognition processes? Can they report on these processes, and
how does the act of reporting influence the process of questioning?"
T hey considered that this is not reliable, especially, as Brown put |it,
T hat Piaget himself said that people would be inconsistent in reporting
wWhat they saw, since perceptions are affected by their naive theory.
These criticisms have 1ittle validity. This is similar to how Kuhn
QAescribes scientists’' communication in different paradigms. Plagetians
QA1Q not use self-reporting to obtain rich Iinformation about the
d 1 £ ferences between the experts and novices which 1s often the method
O£ ten used by information processing theorists. The criteria for experts
We re derived from the philosophy and history of science. Plagetians
Wanted to see the compatibility between the process of acquiring
k'N!D\-vledge in the history of science and self-reporting in children.
Information processing psychologists, deeply influenced by the
‘Q-OIy model of Atkinson and Shiffren (1968) emphasized control process
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as a criteria for 1learning maturity. That 1is, strategies and routines
for making more efficient use of a 1limited capacity information
processing system (Campione and Brown, 1977). Case (1982) suggested that
a person's total processing space 1is composed of space available for
storing information, and space available for executing cognitive
operations. Although total processing space is assumed to remain
constant, as the concept develops, its two components are believed to
fluctuate with a tradeoff executed between them. Thus, Case proposed
that the important functional capacity that accompanies conceptual
development, reflects the increases in storage space, which accompanies
the decreasing amounts of operating space necessary for performance. The
decrements in necessary operating space occur as a result of the growing
S peed, efficlency and automacity of basic processes and less attentional
A nference for rehearsal.

Currently there is a hot debate between advocates of information
PXxocessing theory and Piagetian theory on this i{ssue. The former
Consider that the constraints on what can be learned is due to memory
Processing limitation, while Plagetians feel that the limitation is |in
the apparatus of the children's inference (Carey, 1984).

Plagetian theotisis considered that conscious inference is a later
Step in developing the theory in experts, while information processing
Cheorists felt that as one becomes more expert in a specific domain,
She/he would give less attentional inference to trade offs of more
€ E€ficiency in rehearsing.

The question that arises from the information processing model {is:

Can artificial intelligence account for all kinds of human intelligence
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(e.g., invention)? I think that artificial intelligence can account only
for the use of information that 1is already discovered to allow for
better judgement. Still, artificial intelligence cannot account for the
types of intelligence that allow human beings to invent new knowledge.
This means that the approach of the information processing theory
restricts the criteria of expertise to such intelligence as memory
capacit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>